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INTRODUCTION
Over recent years, nipple-sparing mastectomy 

(NSM) has become a popular option for the surgical 

management of early-stage breast cancer, even for non-
traditional indications, and for prophylactic mastec-
tomy, facilitating immediate breast reconstruction and 
improving aesthetic outcome and patient satisfaction.1–5 
However, the profile of complications with NSM tends to 
be more complex compared with conventional mastec-
tomy, with the choice of incision being a factor that can 
affect the complication rate and also the final aesthetic 
outcome.6–9

Lateral radial incisions, historically used in NSM, can 
facilitate surgery, allowing better access to the axilla; how-
ever, a visible scar and the possibility of nipple–areolar 
complex (NAC) malposition can affect the final aesthetic 
outcome. These complications, however, have seldom 
been reported in the literature.9–11 Conversely, the infra-
mammary fold (IMF) and even the periareolar approach 
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are options that could improve this outcome because they 
involve more aesthetically pleasing (hidden) scars. The 
IMF approach is technically more challenging, while the 
periareolar approach has historically been linked to a 
greater rate of complications, including a higher rate of 
ischemia and necrosis of the NAC, as reported in series 
involving small numbers of patients and that mostly 
included a variety of different types of incision.9,12–15 
Moreover, in addition to the heterogeneity of these sam-
ples, the learning curve of surgeons can particularly affect 
rates of NAC necrosis, with more recent studies reporting 
lower complication rates.9,12

In this study, the early complications of NSM followed 
by immediate reconstruction performed at this institute 
were compared as a function of the type of incision (IMF 
or periareolar). Demographic factors potentially associ-
ated with these outcomes were also evaluated.

METHODS
In this cross-sectional, analytical and retrospective 

study, patients who had undergone NSM followed by 
immediate breast reconstruction with “aesthetic” IMF 
or periareolar incisions were included. The sample con-
sisted of patients treated for early-stage breast cancer 
and patients submitted to risk-reducing mastectomy, all 
of whom had been operated on at the Fortaleza General 
Hospital between 2015 and 2022 by the same surgical 
team. The primary objective was to evaluate early compli-
cations occurring within 3 months of surgery. Following 
approval of the study protocol by the institute’s internal 
review board (CAAE 53372921.9.0000.5040, approval 
letter 5.185.247), data were collected from the medical 
records. This article was prepared in accordance with the 
STROBE statement for observational studies.

The variables that could affect clinical outcome were 
analyzed: age at the time of surgery (mean and median); 
reason for surgery (therapeutic or prophylactic); method 
of implant-based breast reconstruction, either two-stage 
expander-implant reconstruction or direct-to-implant recon-
struction, including position (submuscular or prepectoral), 
mastectomy weight, and implant volume. Comorbidities 

evaluated included hypertension, obesity, or overweight 
according to body mass index (BMI) (≤25, <25-30, >30), car-
diovascular disease, kidney disease, coagulation disorders, 
liver disease, autoimmune diseases, diabetes, and current 
smoking habits. Patients whose medical records contained 
incomplete data, those who previously had breast cancer, 
patients previously submitted to radiotherapy of the breast, 
women who did not undergo immediate breast reconstruc-
tion, and those submitted to other types of incision at NSM 
or who had free nipple grafts were excluded from the study.

In relation to the surgical technique, the IMF inci-
sion ranged from 6 to 8 cm in length and followed the 
natural lower outline of the breast without exceeding 
the anterior axillary line, at least 3 cm from the sternal 
line to render it invisible (Fig. 1). The periareolar inci-
sion was generally performed in the lower portion of 
the transition between the skin and the NAC, between 
3 and 9 o’clock, or in the upper portion between 9 and 
12 o’clock, with or without lateralization of up to 4 cm, 
perpendicular to the NAC. The decision to perform the 
incision in the lower portion of the NAC was based on 
the initial experience of the lead author of the study, 
with the aim of preserving the vascularization originat-
ing in the upper cutaneous flap (Fig. 2).14 The decision 

Takeaways
Question: How does the type of incision (inframammary 
or periareolar) affect early complication rates in nipple-
sparing mastectomy (NSM) followed by immediate recon-
struction performed in a single institute?

Findings: Nipple–areolar complex (NAC) necrosis, pre-
dominantly mild or moderate, was a more common 
complication in the periareolar group, as confirmed in a 
multivariate analysis.

Meaning: Although both incisions are viable options for 
therapeutic or prophylactic NSM irrespective of the type 
of implant-based breast reconstruction used, the peri-
areolar approach involved a greater risk of NAC necrosis 
than the inframammary incision.

Fig. 1. inframammary fold incision. a, nSM with inframammary incision. B, craniocaudal mam-
mogram, 5 years after surgery, showing evidence of the adequate thickness of the mastectomy 
skin flaps.
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regarding the type of incision was based on the surgeon’s 
preference, clinical criteria (breast volume, ptosis level), 
and the patient’s preference.

The NSM technique followed international guidelines, 
with dissection and the preparation of flaps using an elec-
tric scalpel following the anatomical plane (superficial fas-
cia of the breast) up to the outline of the breast, previously 
defined with the patient in a seated position. No minimal 
flap thickness or pattern was preestablished. In cases of 
axillary management, a separate incision in the axilla was 
routinely performed in patients undergoing the IMF inci-
sion, while in the periareolar group, axillary surgery used 
the same access as the periareolar breast approach.

The treatment of early-stage breast cancer followed 
international guidelines (adjuvant or neoadjuvant treat-
ment), as did follow-up. In implant-based breast recon-
struction, the decision regarding the position of the 
implant and whether to use direct-to-implant or two-stage 
expander-implant reconstruction was made according 
to the surgeon’s criteria and the profile of each patient. 
Acellular dermal matrices were not used as mesh support 
in any of the cases evaluated here because the material is 
unavailable at this institute. Continuous drainage tubes 
were always placed laterally to the inframammary fold 
and were ideally removed when drainage was less than 
30 mL in 24 hours for a period of up to 14 days. Oral anti-
biotics were always used until the drains were removed.

The early complications evaluated were NAC necrosis; 
necrosis of the flap; infection at the surgical site, character-
ized by the presence of localized, systemic, or laboratory-
identified signs of infection requiring additional antibiotic 
treatment; wound dehiscence (of any degree, requiring 
further treatment or not); hematoma; seroma (requir-
ing needle aspiration for drainage); and failure of breast 
reconstruction (removal of the implant and/or tissue 
expander). NAC necrosis was classified into degrees: mild 
(when ischemia was confined to the nipple or affected a 
minimal proportion of <20% of the NAC, with full recov-
ery afterwards); moderate (presence of ischemia and 

superficial necrosis on 20%–50% of the NAC, resolved 
with conservative treatment); and severe (when necrosis 
affected >50% of the NAC and deeper planes requiring 
surgical debridement). The longer-term complications of 
breast reconstruction were not included in this analysis.

Two independent evaluators performed the statistical 
analysis in which the NSM procedures performed were 
evaluated. The data were initially entered into Microsoft 
Excel and then exported to SPSS, version 20.0 for Windows. 
The continuous variables were expressed as means, medi-
ans, SDs, and maximum and minimum values, whereas 
the categorical variables were expressed as frequencies 
and percentages. Student t test was used to evaluate the 
mean of the quantitative factors as a function of the type 
of incision, whereas Fisher exact test or Pearson chi-square 
test was used to analyze the distribution of qualitative fac-
tors, including complications, between the groups. Values 
of P less than 0.05 were considered statistically significant 
throughout the analysis. A multivariate logistic regression 
analysis was performed on the variables found to be signifi-
cant in the bivariate analysis, with adjusted odds ratios (OR) 
being calculated for a 95% confidence interval (95% CI). 
Finally, after the results were obtained, a power analysis was 
performed to estimate the adequacy of the sample size.

RESULTS
Based on the eligibility criteria, 180 cases of NSM per-

formed in 152 patients were included (28 patients under-
went bilateral mastectomies). Overall, 104 procedures 
were performed using the IMF approach, and 76 using 
periareolar incisions. The mean age of the women in the 
periareolar group was slightly higher than that of the 
IMF group: 47 years (range 27–67 years) and 43.9 years 
(range 28-74 years), respectively (P < 0.038). Mastectomy 
weight was higher in the periareolar group: 312.7 g (range 
116–640 g) versus 246.8 g (range 65–581 g) (P < 0.001), as 
was the implant volume: 447.5 cm3 (range 300–550 cm3) 
versus 409.00 cm3 (range 250-575 cm3) (P = 0.002). Mean 

Fig. 2. Periareolar incision. a, nSM with periareolar incision and lateral extension. B, Mammogram 
(breast profile) performed 1 year after surgery. note the adequate thickness of the mastectomy skin 
flaps.
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BMI was 23.9 and 25.2 in the IMF and periareolar groups, 
respectively, with no difference when classified according 
to BMI level (P = 0.069). Thirteen women in the IMF 
group (12.5%) and 10 in the periareolar group (13.5%) 
had some type of comorbidity (P = 0.780). Regarding 
the reason for surgery, NSM was performed therapeu-
tically in 45 cases (43.3%) in the IMF group and in 42 
cases (55.3%) in the periareolar group. The surgery was 
performed prophylactically in 59 cases (56.7%) and 34 
cases (44.7%) in the IMF and periareolar groups, respec-
tively. There was no significant difference in either case  
(P = 0.112). All the patients in the study underwent 
immediate breast reconstruction, either direct-to-
implant reconstruction [n = 52 (50%) in the IMF group 
versus n = 24 (31.6%) in the periareolar group] or two-
stage expander-implant reconstruction, which was more 
common in the periareolar group: n = 52 (68.4%) versus 
n = 52 (50%) (P = 0.013). In relation to the position of 
the implant, prepectoral was more common in the IMF 
group: n = 19 (18.3%) compared with n = 3 (3.9%) in 
the periareolar group (P = 0.004) (Table 1).

A total of 43 complications (23.9%) were recorded 
in this analysis, with complications being more common 
in the periareolar group: 27 (35%) compared with 16 
(15.3%) in the IMF group (P = 0.0002). Nevertheless, 
this difference was basically due to cases of NAC necro-
sis, which were significantly more common with the 
periareolar approach: 17 (22.4%) versus 9 (8.5%) in the 
IMF group (P = 0.002). The unadjusted OR for general 
complications and necrosis were higher in the periareo-
lar group: 3.05 (95% CI: 1.27-7.26) and 3.04 (95% CI: 
1.27–7.27), respectively (Table 2). Regarding the degree 
of NAC necrosis, only one procedure resulted in a case of 
severe necrosis (periareolar group; 1.4%), with no statisti-
cally significant difference being found between the two 

groups (P = 0.228). The majority of cases of necrosis were 
mild: 10 in the periareolar group (15.3%) compared 
with eight (7.7%) in the IMF group (P = 0.111). Most 
of the cases of moderate necrosis were in the periareo-
lar group: six (8.3%) versus one (1%) in the IMF group  
(P = 0.014). Regarding the other complications, no sta-
tistically significant differences were found between the 
groups: dehiscence, n = 4 (5.6%) in the periareolar group 
compared with n = 1 (1.0%) in the IMF group (P = 0.071);  
seroma, n = 5 (4.8%) in the IMF group compared with 
n = 1 (1.4%) in the periareolar group (P = 0.231); infec-
tion, n = 2 (2.8%) in the periareolar group versus n = 1 
(1.0%) in the IMF group (P = 0.360); hematoma, n = 1 
(1.4%) in the periareolar group, with no cases in the IMF 
group (P = 0.228); and failed breast reconstruction, n = 2 
(2.8%) in the periareolar group, with no cases at all in the 
IMF group (P = 0.087) (Table 3).

In the multivariate analysis, necrosis (all cases of 
NAC necrosis irrespective of degree) was associated 
with periareolar incisions [adjusted odds ratio (aOR): 
2.92; 95% CI: 1.14–7.44]. The prepectoral technique 
was more common with IMF incisions (aOR: 25.51; 95% 
CI: 3.53–184.23; P = 0.001) and with overweight patients 
(BMI >25–30) (aOR: 37.09; 95% CI: 5.95–231.10;  
P < 0.001). Therapeutic mastectomies (aOR: 68.56; 
95% CI: 2.50–188.36; P = 0.0112) and the use of tissue 
expanders (aOR: 18.36; 95% CI: 1.89–178.44; P = 0.026) 
resulted in more cases of seroma (Table  4). Finally, a 
sample power analysis was performed. Based on the fre-
quency of complications described in the IMF (15.3%) 
and periareolar (35.0%) groups, and a 95% confidence 
level, for the sample of 104 procedures with IMF inci-
sions and 76 with periareolar incisions, the power of the 
analysis to reject the null hypothesis was estimated at 
86.35% (chi-square test).

Table 1. Demographic Characteristics of the Cases of NSM according to the Type of Incision: Inframammary Fold (IMF) or 
Periareolar

 Total 

Surgical Technique

P IMF, Mean Periareolar, Mean 

Age (y)  43.9 47 0.038*
Tissue expander-implant volume (mL)  409 447.5 0.002*
Mastectomy weight (g)  246.8 312.7 <0.001*
 n (%) n (%) n (%)  
Body mass index     
  Normal (≤ 25) 113 (64.2) 71 (70.2) 42 (55.6) 0.069
  Overweight (>25–30) 60 (31.8) 31 (27.9) 29 (37.5)  
  Obesity (>30) 7 (4.0) 2 (1.9) 5 (6.9)  
Comorbidities     
  No 157 (87.2) 91 (87.5) 66 (86.5) 0.780
  Yes 23 (12.8) 13 (12.5) 10 (13.5)  
Reason for mastectomy     
  Therapeutic 87 (48.3) 45 (43.3) 42 (55.3) 0.112
  Prophylactic 93 (51.7) 59 (56.7) 34 (44.7)  
Prosthesis     
  Direct-to-implant 76 (42.2) 52 (50.0)* 24 (31.6) 0.013*
  Tissue expander-implant 104 (57.8) 52 (50.0) 52 (68.4)*  
Prepectoral     
  No 158 (87.8) 85 (81.7) 73 (96.1)*  0.004*
  Yes 22 (12.2) 19 (18.3)* 3 (3.9)  
*P < 0.05, Fisher exact test or Pearson chi-square test (n, %).
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DISCUSSION
Evaluating surgical complications, particularly those 

arising from more recent techniques, is crucial for under-
standing the real benefit of the procedure to patients 
and the applicability of the technique in general medi-
cal practice. With NSM, preserving the NAC altered the 
spectrum of complications compared with skin-sparing 
mastectomy, with NAC necrosis being the most relevant 
issue.16 Although several studies have described the pat-
terns of complications associated with the incisions and 
NSM, the heterogeneity and the small numbers of patients 
in those analyses, as well as a lack of data on the direct 
comparison between periareolar and IMF incisions, make 
choosing the best approach to maximize aesthetic out-
come difficult.9,12 In this analysis, which compared periare-
olar and IMF incisions directly, the rate of complications 
was higher with the periareolar incision (22.4% versus 

8.5%). This was basically due to the rate of NAC necrosis, 
particularly moderate necrosis, corroborating previous 
reports.17,18 Nevertheless, these rates of NAC necrosis are 
lower than rates reported in previous studies, particularly 
those associated with periareolar incisions. In a recent 
analysis conducted in Korea that evaluated 275 patients 
with different types of incision associated with NSM, the 
IMF approach was associated with a lower rate of overall 
complications and NAC necrosis (18.8% and 9.7%, respec-
tively; P = 0.0001), whereas periareolar incisions were asso-
ciated with the poorest overall profile (42.6% and 31.1%, 
respectively; P < 0.001).8 In a 2013 systematic review, the 
rate of NAC necrosis was lower in studies published after 
2010 compared with those published before that time. 
Surgeons’ growing familiarization with these surgical tech-
niques over the years is a plausible hypothesis that could 
explain this phenomenon.12 A more recent meta-analysis9 

Table 2. Overall Complications, and Necrosis of the NAC in Particular, according to the Type of Incision: Inframammary Fold 
(IMF) or Periareolar
    Surgical Technique

P Total, n (%) IMF, n (%) Periareolar, n (%) 

Complications in general     
  No 137 (76.1) 88 (84.7)* 49 (65) 0.0002*
  Yes 43 (23.9) 16 (15.3) 27 (35)*  
Necrosis (all cases)     
  No 154 (85.6) 95 (91.5)* 59 (77.6) 0.002*
  Yes 26 (14.4) 9 (8.5) 17 (22.4)*  
*P < 0.05, Fisher exact test or Pearson chi-square test. Unadjusted ORs for general complications and necrosis were higher in the periareolar group: 3.05 (95% CI: 
1.27–7.26) and 3.04 (95% CI: 1.27–7.27) respectively.

Table 3. Complications according to the Type of Incision: IMF or Periareolar

 

  Surgical Technique

P Total, n (%) IMF, n (%) Periareolar, n (%) 

Mild necrosis     
  No 162 (89.2) 96 (92.3) 66 (84.7) 0.111
  Yes 18 (10.8) 8 (7.7) 10 (15.3)  
Moderate necrosis     
  No 173 (96.0) 103 (99.0)* 70 (91.7) 0.014*
  Yes 7 (4.0) 1 (1.0) 6 (8.3)*  
Severe necrosis     
  No 179 (99.4) 104 (100.0) 75 (98.6) 0.228
  Yes 1 (0.6) 0 (0.0) 1 (1.4)  
Dehiscence     
  No 175 (97.2) 103 (99.0) 72 (94.4) 0.071
  Yes 5 (2.8) 1 (1.0) 4 (5.6)  
Seroma     
  No 174 (96.6) 99 (95.2) 75 (98.6) 0.231
  Yes 6 (3.4) 5 (4.8) 1 (1.4)  
Infection     
  No 177 (98.3) 103 (99.0) 74 (97.2) 0.360
  Yes 3 (1.7) 1 (1.0) 2 (2.8)  
Hematoma     
  No 179 (99.4) 104 (100.0) 75 (98.6) 0.228
  Yes 1 (0.6) 0 (0.0) 1 (1.4)  
Failed breast reconstruction     
  No 178 (98.9) 104 (100.0) 74 (97.2) 0.087
  Yes 2 (1.1) 0 (0.0) 2 (2.8)  
*P < 0.05, Fisher exact test or Pearson chi-square test.
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involving 51 studies conducted between 2013 and 2018 
with 9975 patients submitted to NSM showed rates of NAC 
necrosis of 6.82% and 18.10% with IMF and periareolar 
incisions, respectively. Those findings are in line with the 
results of the present study.

Studies on surgical complications after NSM, particu-
larly those addressing complications related to the type 
of incision, face challenges due to various confounding 
factors that have already been reported in the literature: 
patients’ demographic profile, the technique used for 
mastectomy, the type of immediate breast reconstruction, 
the type of breast, comorbidities, and differences in the 
surgeon’s experience.19 In the present study, most of the 
confounders were similar in the two groups. The fact that 
there was no statistically significant difference between 
the groups insofar as the other complications in this study 
are concerned is noteworthy. This may be because peri-
areolar incisions could affect only the blood supply to 
the NAC by directly blocking vessels,20 without, however, 
playing a direct role in the development of other compli-
cations. We also believe that in carefully selected cases, 
this type of incision can be an important alternative. The 
periareolar incision has the advantage of being a “central 
breast” approach, allowing good exposure of the pectoral 
muscle and access to the axilla. In larger breasts and those 
with more severe ptosis and greater height and breast 
projection, periareolar incisions could be more advanta-
geous compared with the IMF approach, which is better 
for smaller breasts and those without ptosis.21 Indeed, in 
the present study, the periareolar incision was more com-
monly used in cases of larger breasts, and an effect on the 
higher rate of NAC necrosis cannot be ruled out because 
longer flaps and a need for larger implants could affect 
blood flow.22 Another option of incision is the lateral radial 
incision, which was not evaluated in the present study. 
This type of approach facilitates dissection of the planes 
of the flap, with easy access to the axilla and management 
of immediate breast reconstruction; however, due to the 
greater exposure, the risk of poorer quality scarring, and 
the possibility of NAC malpositioning,10 this option is not 
routinely used in this institute.

Oncological safety and concern regarding adequate 
flap thickness can affect complication rates. Therapeutic 
mastectomies are traditionally associated with a higher rate 
of complications, including NAC necrosis, compared with 
prophylactic mastectomy.23 In this institute, our objective 
is to dissect the superficial fascia plane of the breast, which 
differs from patient to patient, with no specific preestab-
lished flap thickness and irrespective of the therapeutic or 
prophylactic indication for NSM. Indeed, residual glandu-
lar tissue in a mastectomy is a fairly common occurrence. 
Histology of surgical specimens from skin-sparing mas-
tectomies has shown the presence of breast parenchyma, 
even in flaps with a thickness of less than 5 mm.24 Of note, 
in the present study, no differences were found between 
the patients submitted to NSM for therapeutic or for pro-
phylactic reasons.

With total breast reconstruction, there is no universally 
accepted technique of repair insofar as the use of implants/
tissue expanders is concerned.25–27 This study showed an Ta
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association between two-stage expander-implant immedi-
ate breast reconstruction with a periareolar incision and 
a greater risk of seroma, a risk that was also associated 
with therapeutic mastectomies. However, the use of tissue 
expanders may be related to a higher risk of seroma due 
to the association with therapeutic surgery. A meta-analy-
sis of 13 studies involving 5216 breast reconstructions and 
comparing the two reconstruction techniques (immedi-
ate direct-to-implant and immediate two-stage expander-
implant breast reconstruction) showed no increased risk 
of seroma with the use of expanders.28 Recently, interest 
has grown in single-stage, direct-to-implant breast recon-
struction, with complication rates that are acceptable 
either with or without the use of mesh support (acellular 
dermal matrices).29,30 This technique is not available, how-
ever, in this institute. An association has also been found 
between prepectoral reconstruction and IMF incisions, 
particularly in women with higher BMI (>25–30). This 
technique has attracted the interest of many breast recon-
struction surgeons for various reasons, including the ease 
of reconstruction and a reduced need to mobilize tissues; 
however, no long-term data are yet available, although 
early reports have shown a complication profile compa-
rable to that found with subpectoral techniques.31–33 These 
factors related to immediate breast reconstruction tech-
niques do not seem to have affected complication rates in 
this study.

There are certain limitations associated with the pres-
ent study. Due to the retrospective nature of the analysis, 
confounding factors such as breast type and volume, and 
the tumor site could have affected the surgeon’s deci-
sion and, consequently, these results. Slight differences 
detected in this sample (eg, in age, breast volume, and 
implant volume) could also have affected the results. 
Conversely, the strongpoints of the study include the fact 
that the procedures were all carried out by the same sur-
gical team, minimizing any possible bias resulting from 
the differing personal experience of different surgeons. 
Furthermore, this is one of the few studies to directly 
evaluate complication rates between these two types of 
incision, since the great majority of previous studies have 
included up to 32 different types of incision.9

CONCLUSIONS
Periareolar incisions were associated with a higher rate 

of complications compared with IMF incisions, basically 
due to predominantly mild to moderate necrosis of the 
NAC. Both approaches are viable options for therapeutic 
or prophylactic NSM irrespective of the type of implant-
based breast reconstruction. When planning NSM, there-
fore, the decision to use a periareolar incision should 
be made with caution. Further studies are required to 
increase understanding of the complications arising from 
this surgical procedure.
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